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Mr. _oscph _vycc
BRAC _mnment_ ¢oor_nator
U.S. M_e Co_s Air Stolon - _ Toro
P.O. Box 95001
San_ An_, C_i_rnh 92709_001

Rev_w of Dr_a Tech_c_ M_nora_dum, _s_H _traflon M_g _r L_nd_ Cove_, M_flne Corps
A_ St_n _CA_, El Toro, C_rn_

Dear Mr. Joyce:

On Oc_ber 22, 1998, _e California Integrated Was_ Management Board (Board) Remediation, Closure, m_d
Technk_ Ser_ces Branch _aff received the dra_ _ch_c_ memorandum address_g _e _ndfill cover infi_rat_n
na_ for ina_ive landfills at E! Toro MCAS.

Board staff have revkwed the submR_d repo_ and acknowledgeRs findings. However, Board staff do not

_\ concur with the report's fin_ con_u_on that, based on the assumed permeability of the so_ (5X10"_

"_ .) pro_cfion performancecen_imcter/sec°n_) fr°mequivalentthepr°p°sedtotheb°rr°w s°urCe'prescri_tiveclay barrierthe proposed monNithicsoilcover performance.Coverwill provide infiluation

Board staff do not dispute the fact that under ce_Nn conditions (arid climate, lack of irrigation, dry and/or inert
waste), use of a monolithic so_ cover may be justifiable for certNn landfills. However, such covers have been
Nlowed only as site-specific occurrences and only under conditions gong-turin moisture monitoring, requirement
to upgrade landfill cover in an event of failure) with none of the proposed s_es approved for an kfigated
p0stclosure land use.

Board _aff would like to poim out that the reference to the theoret_ penneabilky (and leakage) of the clay
barrier (lXlff acm_ec) as a performance _andard for a landfi_ final cover is not correct for the tbllowing
reasons:

• As _ed in Tire 27, CMi_mM Code of R_ons, final c_ deMgnmid _rmc_ re_ffemen_ have
been establhhed as _n_um smn_s wh_h m_ be upgraded based on, mnong_mr con_fions, i_d
_s_osure land use and surrounding laM _op.ment.

• A per_rmance standard _ _ used _r evMu_on of M_rnmNe fin_ cover _M_s such as mono_h_ soil
cover is zero M_mi_ _ro_ the b_tom of _e finMcover. A_ lea_ _m _e waste benea_ _e cover
is c_ered a _. Al_ough a _eoreficM leakage rate can be _lc_a_d _r any fin_ cover mm_iM,
c_ _ons pro_de desert _delines to prevem an_or m_m_e conditions under wh_h _1 cover
_on can occur (s_e grad_g, runoff and runon coHedfion,su_ur_ce drMnagec_e_M_. Thus, fl_e
net _fi_rmMn e_M to fine_fi_rm_n based on _e theo_cM _rmeabili W of _e d_ barrier cannot be
accep_d as a _r_e _e.
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Mr. Joseph Joyce
BRAe Environmental Coordinator
U.S, Marine Corps Air Station - El Toro
P.O. Box 95001
Santa Ana, California 92709·5001

Review of Draft Tech~iealMemorandum, Unsat-Il Infiltration Modeling for Landfill Covers, Marine Corps
Air Station (MCAS), EI Toro, California

Dear Mr. Joyce:

On October 22, 1998, the California Integrated Waste Management Board (Board) RemediatIon, Closure, and
Technical Services Branch staff received the draft technical memorandum addressing the landfill cover in11ltration
model for inactive landfills at El Toro MCAS.

")
Board staff have reviewed the submitted report and acknowledge its findings. However, Board staff do not
concur with the report's final conclusion that, based on the assumed permeability of the soil (5X10·5

centimetcr/second) from the proposed borrow Ilource, the proposed monolithic soil cover will provide infiltration
protection performance equivalent to the prescriptive clay barrier cover performance.

Board staff do not dispute the fact that under certain conditions (arid climate,lack of irrigation, dry and/or inert
waste), use of a monolithic soil cover may be justifiable for certain landfills. However, such covers have been
allowed only as site-specific occurrences and only under conditions (long-term moisture monitoring, requirement
to upgrade landfill cover in an event of failure) with none of the proposed sites approved for an irrigated
postclosure land use.

Board staff would like to point out that the reference to the theoretical permeability (and leakage) of the clay
barrier (lXlO-6 cm/sec) as a performance standard for a landfill final cover is not correct for the following
reasons:

• As stated in Title 27, California Code of Rt:6ulations, final cap design and perffii:'ability requirement5 have
been established as minimum standards which may be upgraded based on, among other conditions, irrigaled
postclosure land use and surrounding land development.

• A performance standard that is used for evaluation of alternative final cover designs such as monolithic soil
cover is zero infiltration through the bottom of the final cover. Any leakage into the waste beneath the cover
is considered a failure. Although a theoretical leakage rate can be calculated for any final covet material,
closure regulations provide design guidelines to prevent and/or minimize conditions under which full cover
infiltration can occur (site grading, runoff and nmon collection, subsurface drainage collection), Thus, the
net infiltration equal to the infiltration based on the theoretical permeability of the clay barrier cannot be
accepted as a permissible leakage.
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November 17, 1998 

Mr. Joseph Joyce 
BRAe Environmental Coordinator 
U.S, Marine Corps Air Station - El Toro 
P.O, Box 95001 
Santa Ana, California 92709-5001 

Review of Draft Tech~ical Memorandum, Unsat-H Infiltration Modeling for Landfill Covers, Marine Corps 
Air Station (MCAS), EI Toro, California 

Dear Mr. Joyce: 

On October 22, 1998, the California Integrated Waste Management Board (Board) RemediatIon. Closure, and 
Technical Services Branch staff received the draft technical memorandum addressing the landfill cover inmtration 
model for inactive landfills at El Toro MCAS. 

Board staff have reviewed the submitted report and acknowledge its findings. However, Board staff do not 
concur with the report's final conclusion that, based on the assumed permeability of the soil (5XlO·5 

centimeter/second) from the proposed borrow source. the proposed monolithic soil cover will provide infiltration 
protection performance equivalent to the prescriptive clay barrier cover performance. 

Board staff do not dispute the fact that under certain conditions (arid climate. lack of irrigation, dry and/or inert 
waste), use of a monolithic soil cover may be justifiable for certain landfills. However, such covers have been 
allowed only as site-specific occurrences and only under conditions (long-term moisture monitoring. requirement 
to upgrade landfill cover in an event of failure) with none of the proposed sites approved for an irrigated 
postclosure land use. 

Board staff would like to point out that the reference to the theoretical permeability (and leakage) of the clay 
barrier (lXlO-6 cm/sec) as a performance standard for a landfill final cover is not correct [or the following 
reasons: 

• As stated in Title 27. California Codc of Rt:6ulations, final cal' design anti permt'ability requiremcnl5 have 
been established as minimum standards which may be upgraded based on, among other conditions, irrigaled 
postclosure land use and surrounding land development. 

• A performance standard that is used for evaluation of alternative final cover designs such as monolithic soil 
cover is zero infiltration through the bottom of the final cover. Any leakage into the waste beneath the cover 
is considered a failure. Although a theoretical leakage rate can be calculated for any final covet material, 
closure regulations provide design guidelines to prevent and/or minimize conditions under which full cover 
infiltration can occur (site grading. runoff and nmon collection, subsurface drainage collection). Thus, the 
net infiltration equal to the infiltration based on the theoretical permeability of the clay barrier cannot be 
accepted as a permissible leakage. 
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• Because there is no adequate waste characterization study and landfill gas monitoring, Board staff cannot

determine the effects of increased moisture in the waste 011 landfill gas generation and waste settlement.
Thus, no infiltration is the performance standard for comparison purposes of alternative covers.

'")
/

Please refer to the attached review memorandum for the infiltration model analysis.

At this time, Board staff cannot approve the proposed monolithic soil cover design for an irrigated postclosure
hmd use (Title 27, California Code of Regulations, Section 21140). Options available to El Toro MCAS include:

1. Install monolithic soil cover but preclude irrigated postclosure land use,

2. Install synthetic cover with drainage and gas collection layers and allow landfill irrigation, or

3. Conduct site and waste chllracterization of the landfills to demonstrate that the waste does not pose any
•significant public health and safety or environmental threat under currently proposed (irrigated) postc!osure
land use.

Should you have any questions, please contact Peter Janicki of my staff at (916) 255-1195.

Sincerely.

~Ztd~~Y~~
Michael B. Woehnick, Manager
Closure and Remediation Section
Permitting and Enforcement Division

Attachment

cc; Mr. Tayseer Mahmoud, Department of Toxic Substances Control

Mr. Glenn Kistner, U.S. Environmental Protection Agency

Ms. Patricia Hannon, Santa Ana Regional Water Quality Control Board

Mr. Steve Sharp, Orange County Health Care Agency
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• Because there is no adequate waste characterization study and landfill gas monitoring, Board staff cannot 
determine the effects of increased moisture in the waste 011 landfill gas generation and waste settlement. 
Thus, no infiltration is the performance standard for comparison purposes of alternative covers. 

Please refer to the attached review memorandum for the infiltration model analysis. 
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lalld use (Title 27, California Code of Regulations, Section 21140). Options available to E1 Toro MCAS include: 

1. Install monolithic soil cover but preclude irrigated postclosure land use, 

2. Install synthetic cover with drainage and gas collection layers and allow landfill irrigation, or 

3. Conduct site and waste cbllracterization of the landfills to demonstrate that the waste does not pose any 
• significant public health and safety or environmental threat under currently proposed (irrigated) postc!osure 
land use. 

Should you have any questions, please contact Peter Janicki of my staff at (916) 255-1195. 

Sincerely. 

~Ztd~~Y~y 
Michael B. Wochnick, Manager 
Closure and Remediation Section 
Permitting and Enforcement Division 
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cc: Mr. Tayseer Mahmoud, Department of Toxic Substances Control 

Mr. Glenn Kistner, U.S. Environmental Protection Agency 

Ms. Patricia Hal1ll0n, Santa Ana Regional Water Quality Control Board 

Mr. Steve Sharp, Orange County Health Care Agency 



Protection Agency

....."" MEMORANDUM

To: Peter Janicki Date: Novemb_ 4, 1398
Waste Mana_ment _gineer
_m_i_o_ C_sum & Techn_M Services

CALIFORNIA _TEGRATED WA_E MANAGEMENT BOA_

Su_e_: REV_W OF UNSA_H MODE_NG MCAS EL TORO LANDF_LS

Pe_L 1have _v_wed _e su_e_ reportandhave the _llow_g c_nmen_ & n_es:

Section 2 Proposed Borrow Source

_ The bo_ow soil inve_igN_n _s to be m_onab_ howev_ were soil samples taken firm the
surNce or at de_ (if _ dep_, wha de_ Can soil be scraped Dora _e surNce or will

_ -_,, ov_bu_en need to be _moved? N_e _at remov_ of overburden will _pact bo_ow soil costs.

./ _ _ soil _ad_ion _om bo_ow soil samples is COherent w_ mondRh_ covers being tested in
San Bemardino CounU _illiken LandfilO. The soils have a fignffica_ sand _a_ion (60%) and
fines 00%) t?acfion. The modded so_ p_mea_l_ of 2.0 x 1_ cm_ec is consistent w_h
I_orato_ _rmeabiliu data t_en _om cons_ucfion quai_y _sumnce tests dur_g constru_on
of the Ea_ Mound Cap _ M_en Landfill.

Section 2,1 Ge_ech_c_ Soil Ana_s_ & Section 2_ Mean H_rau_ Co_u_U

c) _. _ae ge_echnical section appears _asona_e. The approwi_e _s were p_formed to d_mine
final cover infi_on _r_mance as well as soil construction _ec_c_ns and construction
qualiU assurmaceacce_ance values.The _ometric memap_meabi_ _ars _ _
rewesentative of bo_ow soils obt_ned.

Section 3 UNSA_H M_d_y

d) Al_ough _is m__y _s to be v_id _r the first two a_n_, e.g. drought and base
cond_ it may not _d conserv_ive _suas _r _ic_ons where s_ur_ed flow cond_ons
are pt_val_L such as _ose co_ons likdy _ occur due to i_g_on _n fl_elan_c_e and
goWcourse_rn_Nes. Uns_ed mode_ are used to depi_ _e flow ofmoi_u_ _rough a
soil co_mn madaccount _r entr_d fir whEh cmaimpede the we_i_ _ont _ese soil ma_ix
propert_s are accounted _r in _e modd_g by _e Van Genuch_n Param_e_; similar to m_ric
ootent_ coe_cie_s used in _d's equ_ion _r uns_ur_ed flow). This a_mn_on is

'. _ unsaura_d cond_ons are the prev_e_ conditions.HELP and UNSAT-H M_ds were
designed to model _e waer b_ance _r geog_ph_ spe_fi_ me_o_ and dimaic

State of California

, -) MEMORANDUM

California Environmental
Protection Agency

To: Peter Janicki
Waste Management Engineer
Remediation, Closure & Technical Services

Date: November 4, t998

From:

Subject:

Glenn K. Young, P.E.
Associate Waste Managemel En neer
Remediation, Closure & Techn I Services
CALIFORNIA INTEGRATED WASTE MANAGEMENT BOARD

REVIEW OF UNSAT~HMODELING MCAS EL TaRO LANDFILLS

Peter, I have reviewed the subject report and have the following comments & notes:

Section 2 Proposed Borrow Source

u)

b)

The borrow soil investigation appears to be reasonable, however were soil samples taken from the
surface or at depth (if at depth, what depth)? Can soil be scraped from the surface or will
overburden need to be removed? Note that removal of overburden will impact borrow soil costs.

The soil gradation from borrow soil samples is consistent with monolithic covers being tested in
San Bernardino County (Milliken Landfill). The soils have a significant sand fraction (60%) and
fines (30%) fraction. The modeled soil permeability of2.0 x 10.5 em/sec is consistent with
laboratory permeability data taken from construction quality assurance tests during construction
of tile East Mound Cap at Milliken Landfill.

Section 2.1 Geotechnical Soil Analysis & Section 2.2 Mean Hydraulic Conductivity

c) _ The geotechnical section appears reasonable. The appropriate tests were performed to determine
final cover infiltration performance as well as soil construction specifications and construction
quality assurance acceptance values. The geometric mean permeabilty appears to be
representative of borrow soils obtained.

Section 3 UNSAT-H Methodology

\

)

d) Although this methodology appears to be valid for the first two alternatives, e.g. drought and base
condition, it may not yield conservative results for applications where saturated flow conditions
are prevalent, such as those conditions likely to occur due to irrigation from the landscape and
golfcourse alternatives. Unsaturated models are used to depict the flow of moisture through a
soil column and account for entrapped air which can impede the wetting front (these soil matrix
properties are accounted for in the modeling by the Van Genuchten Parameters; similar to matric
potential coefficients used in Richard's equation for unsaturated flow). This assumption is
gulralJle lor SOJls, .~L1cn a:s 11l0JC In tho u01lon, ))'}1\Ir" luw ini\inl '''?'&h..~ "'<>,~'<"'.~......"d.

unsaturated conditions are the prevalent conditions. HELP and UNSAT-H Models were
designed to model the water balance for geographic specific, meteorologic and climatic

State of California California Environmental 
Protection Agency 
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To: Peter Janicki Date: November 4, 1998 
Waste Management Engineer 
Remediation, Closure & Technical Services 

From: 
Glenn K. Young, P.E. 
Associate Waste Managemel En neer 
Remediation, Closure & Techn I Services 
CALIFORNIA INTEGRATED WASTE MANAGEMENT BOARD 

Subject: REVIEW OF UNSAT~H MODELING MCAS EL TaRO LANDFILLS 

Peter, I have reviewed the subject report and have the following comments & notes: 

Section 2 Proposed Borrow Source 

a) 

b) 

The borrow soil investigation appears to be reasonable, however were soit samples taken from the 
surface or at depth (if at depth, what depth)? Can soil be scraped from the surface or will 
overburden need to be removed? Note that removal of overburden will impact borrow soil costs. 

The soil gradation from borrow soil samples is consistent with monolithic covers being tested in 
San Bernardino County (Milliken Landfill). The soils have a significant sand fraction (60%) and 
fines (30%) fraction. The modeled soil permeability of2.0 x 10.5 cm/sec is consistent with 
laboratory permeability data taken from construction quality assurance tests during construction 
of the East Mound Cap at Milliken Landfill. 

Section 2.1 Geotechnical Soil Analysis & Section 2.2 Mean Hydraulic Conductivity 

c) _ The geotechnical section appears reasonable. The appropriate tests were performed to determine 
final cover infiltration performance as well as soil construction specifications and construction 
quality assurance acceptance values. The geometric mean permeabilty appears to be 
representative of borrow soils obtained. 

Section 3 UNSAT~H Methodology 

d) Although this methodology appears to be valid for the first two alternatives, e.g. drought and base 
condition, it may not yield conservative results for applications where saturated flow conditions 
are prevalent, such as those conditions likely to occur due to irrigation from the landscape and 
golf course alternatives. Unsaturated models are used to depict the flow of moisture through a 
soil column and account for entrapped air which can impede the wetting front (these soil matrix 
properties are accounted for in the modeling by the Van Genuchten Parameters; similar to matric 
potential coefficients used in Richard's equation for unsaturated flow). This assumption is 
gulralJle lor SOJls, .~Llcn a:s 1Il0JO In tho Llo1Jon, W}WIV luw ini\inl "'?'sh .. ~ "'<>,~'<"'.~., ",,,d. 

unsaturated conditions are the prevalent conditions. HELP and UNSAT-H Models were 
designed to model the water balance for geographic specific, meteorologic and climatic 



condR_ns occu_g _spe_fic SCS m_offc_ _n_l d_ __ d_ e_). Man-
made _on pm_i_s Guch as g_fcou_e i__ m_ n_ be adequ_e_ modded using
fl_e_o_ m_d_ IWMB _aff_commend th_ _aher _ch be conducted to d_mine if

_ field _ing has been conducted _r _is _p_, i.e. __ ofa m_u_ monR_g _.
i station to control _ig_on in a __ __. As a ff_e __ note _at ifa

co_sta_ p_e_M cond_on _ Miowedover a saturated soil c_umn w_h a s_u_d hy_a_
co_u_v_ of 5,2 x 10_ c_se_ _e n_ annual infiltration could _ _ to 645 inches/yea_ A 27
CCR pmscri_e cap exhibiti_ a permeabil_ of 1.0x 1_ cm/s under the same cond_
would be 12.41 inches_ea_

5.4 _ant D_a

e) Wh_ are the root zone de_hs _r _rm_a grass? Mo_ g_ sys_ms are _w ro_ and
_e usu_ 12 inches in de_ or less, Is _e modebd root zone of 24 inches a conse_Ne value
_r Berm_a Grass? Since m_ zone _ansp_ion accounts _r a _nific_ potion of
i_ltration, wh_ is the impa_ ofa l_in_ venus a 2_inch _ zone _ _e net infi_on
resuhs modded.

Section 7 Summa_

0 Since the model does not account _r late_ drainage e_cts and run-off, how _11 _ese e_s
: _ impa_ _filtration in areas su_ as d_age c_fluences and _n_e come,on areas?

In summ_ itis not _commended that UNSAT-H be used in fl_emodd_g of i_gm_ con_fions (or
saturat_ cond_on_ since this is con_au to flaecon_t_ns whEh _e modeI_ _ns_ur_ed cond_on_.
ConsuRan_ mod_g the monol_E cover _r hndfil_ in San Bernardino Cou_y have stated _at
saturated cond_onsmu_ be avoided w_hin _e c0v_ profile in order _ R _ _r_rm _uN_e_y to a
__ve cove_ Note _s% _m key cond_ons _r _p_ng _e mono_h_ cover con_ include,

\_ pos_ive drainage and _on ofcond_ons which would cause a constant _te.ntiai over _e cover soil --_

,_ _ profile Olim_ng any drD_g _rce on _e we_g ffon0.

L_me know if you have any _est_ns.

Glenn

"\
\

I
./

conditions occurring (site-specific SCS run-off curves, rainfall data, evaporation data, etc). Man
made irrigation practices (such as golf course irrigation) may not be adequately modeled using
the above models. IWMB staff recommend that further research be conducted to determine if
field testing has been conducted for this application, i.e. installation ofa moisture monitoring
station to control irrigation in a golf course application. As a frame of reference, note that if a
constant potential condition is allowed over a saturated soil column with a saturated hydraulic
conductivity of 5.2 x 10.5 em/sec, the net annual infiltration could be up to 645 inches/year. A 27
CCR prescriptive cap exhibiting a permeability of 1.0 x 10.6 cm/s under the same conditions
would be 12.41 inches/year. .

5.4 Plant Data

e) What are the root zone depths for bermuda grass? Most grass systems are shallow rooting and
are usually 12 inches in depth or less. Is the modeled root zone of 24 inches a conservative value
for Bermuda Grass? Since root zone transpiration accounts for a significant portion of
infiltration, what is the impact of a 12- inch versus a 24-inch root zone all the net infiltration
results modeled.

Section 7 Summary

f) Since the model does not account for lateral drainage effects and run-off, how will these effects
.. impact infiltration in areas such as drainage confluences and drainage collection areas?

"

._.

In summary, itis not recommended that UNSAT-H be used in the modeling of irrigated conditions (or
saturated conditions) since this is contrary to the conditions which are modeled (unsaturated conditions).
Consultants modeling the monolithic cover for landfills in San Bernardino County have stated that
saturated conditionslnust be avoided within the cover profile in order for it to perform equivalently to a
prescriptive cover. Note also, that key conditions for applying the monolithic cover concept include,

'\ positive drainage and elimination of conditions which would cause a constant potential over the cover soil
_) profile (eliminating any driving force on the wetting front).

LeCme know if you have any questions.

Glenn

I
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conditions occurring (site-specific SCS run-off curves, rainfall data, evaporation data, etc). Man
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'\ positive drainage and elimination of conditions which would cause a constant potential over the cover soil 
_) profile (eliminating any driving force on the wetting front). 
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_.::8.:::8ch::.:.:.8J:..:,O_'B=-u:..:.tt..;.o_~-------I--'-t <12 -.-!..- 0-1 ~ __~ F C _2 L ALL ~~l ALL 36 __ M M _L_~__
coreopsis laneaGlata I

Lance Leaf Caeopsis 2 12 M, 0-1 G __ >10 ,-!:-~_2_~_2_ ALL __' ~l£-~ _L_--'!-_L _

Cotula coronofoia I
_:::Br8:=ss:=.:Bu:.::=ttO:.:.11S.:::-------1--2--; <12 F 0_1 ~~ >10 ~~_~ _L_. ,_1 , ~f ALL 12 M ~ L ~__

Eriogonum lJlganteum I
_.:::S::.I. .:.C.....at....'h8_n.;..'n..;.8s_L_8_ce 1_2_ <12 2!... 1·2_~ >10~ _S_~ M _3_~ _S_i...f- .E- __~~~
Erlophyllum eol'lfertlflorum ~

_-=G::.:o~.:::'cJe:.:.n:..y.:..:a=-f1TJ..:..:..v------t---=2-1->-1_l2 M 0-1 G ~ >10 ~~~~ _2_~_~ _S_ ALL 24 ~~~~I--:.~I---I---t,
EschscholzJa califomlca

POppy 1 <12 F ' 0-1 E • >4 L C 1 L 1 ALL • S F 12 M M L •
~~--------t--I----t--I- - - - --- -- --' 1-1--1
Gazanla splendms l
_.:::G:..az:..:,B.....ni.....s--------t-2-t <12 M ..E:!.-~ __ >20 ~~ _3_~ _2_, 1,2,3 , s.c,'~~ L_ M M
Iris douglaslana I

_::.DO::u:=:gJ.:=as:...l;:.::ri.:.s-------I--2- <12 S 1-2 G 2.-,0 -!- _S__, >2 ~ _2_ ..!.:i.. _~ S,C " F 24 P_ ~I_M-ll-_I _

Iris mlssourlemis
Westem BfusFlag 2 <12 S 1-2 M ..l~ -!-~~~ _2_ 1,2,4~ S,C l.--!:-~,__~~_ y _

_L_as.:::::.:o~.=;=I:=:;.:.~a-b-ra-ta-----_t~=1~_t_<:-12-l_-F-r1'_0-_1_1 E __~ _L_~~ _L_ ALL ~~Ii.-!- ~~ H G L e ------
Unum lewisII
_:::BI.=U8:..:R:..,:.8X=-------'---i-2-t-<:-12-f M 0-1 M >4 _L_ C ~ _L_, _1_ ALL __~I F 24 H G L •
Luplnus blcolcal

,-

',,-- /' 

"-. ./ 110 

P L A N T M A T E R I A L R E F E R E N C E M A T R 

'- r 
r~W5f-

80TANICAL!COM~1ON NAME :3~ofb G.f-C!::O 

~ sweetAIyssuIJl2 <12 M 1-2 P >20 H S 2 H· 2 ALL S .' ALL 8 p. M M 

Achillea miliefo/ium i 
W11lte Yarrow 2 12 F 1-2 G >20 M C >2 M ALL S '. ALL 24 • M G M • I- I- -- --

Achillea tomentosa 
Wooly YaITOw 2 12 F 1-2 G • >20 M C >2 M 2 ALL S ALL 12 • M G M ~ 

Saileya multlracllata 
Deselt Marigol$ 1 <12 M 0-1 G >4 F S 1 L 1,2,3 

_. 
S F 24. • H M L • 1-

Centaurea cyal1Ui 
Bachelor BUtt01 1 <12 F 0-1 G >4 F C 2 L • S ALL 36 M M L • 

coreopsis 
Lance Leaf 2 12 M 0-1 G >10 L C 2 M 2 ALL S F 36 L M L 

Cotula coronofoia . 
Brass Buttons 2 <12 F 0-1 G • >10 F 

1-
Eriogonum giganteum 

C 2 L 1 1 S I ALL 12 M M L • 
St. CatherinesLace 2 <12 M 1·2 M >10 M S >4 M 3 1,2 S F 72 M G M 

Erlophyllum col1fertlflorum 
Golden Yarmv 2 >12 M 0-1 G 

--
>10 M C >5 M 2 1-2 • S ALL 24 • M E M • 

EschscholzJa califomlca '. 
POppy 1 <12 F . 0-1 E • >4 L C 1 L 1 ALL ~. S F 12 M M L • 

Gazanla splendms 
Gazania 2 <12 M 0-1 M >20 M C J M 2 1,2,3 S,C F 12 L M M 

1-
Iris douglaslana 

Douglas Iris 2 <12 S 1·2 G 20 F S >2 M 2 1,4 • S,C F 24 P M M --I-
Iris missouriemis 

;S2 Western BfueFlag 2 <12 S 1·2 M 20 F S M 2 1,2.4 • S,C F 24 P M M 

Lasthenla glabrata 
Goldfields 1 <12 F 0-1 E >4 L C 1 L ALL • S F 18 • H G L • Unum lewisII 
BlueFTax 2 <.12 M 0-1 M >4 L C 2 L 1 ALL S F 24 H G L • 

i blech" 
D/fymv.1 "'Af .. d Lupine , 1 <.12 F 0-1 E • >4 L C 1 L 1 1-2 • S F 10 • H G L • 

Luplnus nanus 
Sky Luplf)fJ_ 1 <.12 F 0-1 E >4 L C 1 L ~ ALL • 5 F 24 • II G L • , 

Lujilnus sucClllantus 

AtTDyo LUpinf t <12 F 0-1 E >4 L C 1 L ·1 ALL • S F 48 • H G L • 
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PLANT MATERIAL REFERENqE MATRJ
•

"

r-
2 I.i.J

SOTANiCAL/COMf1l0N NAME ~ ~

• • --. .
~

'vE...:.RS ~. l~4CL.;ES

--

____------1---1---1

---- --1---1---1---

-- -- -- --- -- -- -_. _. -- --- -- -- -- --- -- ---1---\--'" ----

M M L-------------

M G M------,----------24

F n M M L •------.-- 1__-1-"'--1--_1 _S

• ~£ _A_LL_ _ 2_4 M_~ _M_J-__I-_II--_t-__I

1.2 S,C ALL

__ - ---- -------- - .-- --f------I--

------ ---I---\---t--t--I

-- -------- '---- -- -- -- -- -- -_.-- --1-__1--11-- '-- ---

>10 L C 2 L 2 S AU 42 M M L •-- -- ---- ._--- ._---------------------- -- --
__ ~~. ..--f-~ _3 ~~ A~ ~ _~__.~ ,..!.~ __. __~~ _L _

-- -- -- -- -- -- ---- ---- ------ --- -- -- --------

>10 L C 2 L 1 ALL •-- '------ --- --------

-- -- -- -- -_. -_.._--- -- -- _.- -------- -_. --------

---- ---- -- -- -------- ---- -- --- ------ -----

---- ---- -- -_.. -- -- ------ -_. ---- ---- ._-,-- ----

>4 L S >4 L 2 1,2 • S,C F 42---- -- -_.-- ---_. -- ---' ---- ----

Oenothera chelraolhlfolJa
Beach Evening Primrose 2 12 F 0-1 M-

Oenothera spaclosa
Showy Evening Primrose 2 12 F 0-1 G

I-
Or1hocarpus purpuascens

Owl's Clover 1 <12 M 0-1 G--------
Penstemon spectabilis

Showy P6Ilstemon 2 12 S 1-2 G------
Ratiblta plnnata

Prairie ConefloMr 2 <12 M 1-2 G-- ----I-
Slsyrinchlum bellun

Blue Eyed Grasl 2 12 M 1-2 G--------

---- -- ---_.

-- ---- --

-- -_. --

--------

------
----I---

- --' I-- --.
----~1---

I-

.
-.;.-' ;.. '-r. 'J

.'-"

,. 
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PLANT MATERIAL REFERENC,E MATRI 

r-
2 I.i.J 

SOTANiCAL!COMf1l0N NAME ~ ~ 

Oenothera chelraolhlfolJa 
Beach Evening Primrose 2 12 F 0-1 M • >10 F S 

-----------~--------~~--I~-
4 M 2 1,2 • S,C ALL 24 ,.--- M G M 

Oenothera spac/osa 
Showy Eveninglrimross 2 12 F 0-1 G • >10 F C 4 M 2 1.2 S,C ALL 24 M 

----~----~----------I----~~--I---I---~--I~-I----I----I---I----II----I--_4·---1---1--- I---I----I---~---I----I----I---f---f 
G M 

Orthocarpus purpuascens 
Owl's Clover 1 1<12 M 0-1 G >10 L C 2 

----------------------1---1---1----1-·--,----'----1 
1 ALL • S F 12 

--1----/----/---·1---1----11---
L M M L • 

p. ••. spectabi/is 
§~wyP6IJstemon 2 12 S 1-2 G >4 L S >4 L 2 1,2 • S,C F 42 M 

----~-------------~-I--I---I---I--I-I- 1--1----'-' -1--' ---=-1--'--
Ratiblta plnnata 

M L 

Prairie Conel/oMr 2 1<12 M 1-2 G >10 L C 2 L 2 S AU 42 M M L • 
----------------------I----II---I----I---·~--II----I---------~---II---I---/·---I----I----I----I---I----I---t----II----I~-~---I----II--=; .. , ....... ,: ...... bellun 

E3Iu,!~ye~ Grasl 2 12 
------~-------------II----

M 1-2 G >10 F C 3 L 2 ALL • 
--1-- 1---11---1--1'--1--

S F 16 L M L ,._ 
--·-1--,--1',--, I~I---I---I----I----I---I---,--

------------------1----11--- --1----1--··1-1-1-1-- --- '-1---1--. 1- 1.-- ---1--1--1/---1--1---1---\--· .. · --1----1 

----------------1--1- --1--- -1- -- --'1--1---11-- - -- ----1-- ---1---1---1'---1---1--1--1---1---1--1 

------------1--;--1---11-- - --1---1--'1--- 1---/---1---/-- '-1--11--1--1---1---1---1--'---1---1---1--

------------------1---1---1---·1---1---1---1----11---1---1---11---(---1·-- ----------1----1/---11--/--1----1---1---1---1----1 

------------1- - --I---t--I---II---I,--I'---\---\--" 1--1-- --'1--11---1--1---1--1--1--,1--1---1---1---1 

----------------·I--II---I-~-t__--I--·I--I---I---I---I---I--I--I--1- --1-- --f·---I---I---I---1--~--f--II--·1 

----------------/---1'--1---·---1---1--1--11--1---1--1--11-- 1-1-1--1---1---1---1---- --- --1--/--1·--1---1 

. .-" 


